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Background.  —  Transoesophageal  echocardiography  (TOE)  is  feasible  in  neonates  using  a  minia-
turized probe,  but  is  not  widely  used  because  of  low  imaging  quality.
Aims. —  To  assess  handling  and  imaging  quality  of  a  new  release  of  a  micro-TOE  probe  in  children.
Methods.  —  Thirty-eight  consecutive  children,  enrolled  during  February  and  May  2013,  under-
went TOE  with  the  Philips  S8-3t  probe.  Insertion,  handling  and  image  quality  were  assessed.
Abbreviations: CHD, congenital heart disease; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; TOE, transoe-
sophageal echocardiography.
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Results.  —  The  38  children  (aged  7  days  to  12  years;  weight  3.1—27  kg)  underwent  75  TOE  (30
[40.0%] before  cardiac  surgery,  31  [41.3%]  after  cardiac  surgery,  4  [5.3%]  during  a  percutaneous
procedure,  10  [13.3%]  in  the  intensive  care  unit).  Insertion  of  the  micro-TOE  probe  was  ‘very
easy’ in  37/38  patients  (97.4%).  Handling  was  better  in  the  lightest  children  (P  =  0.001).  Image
quality was  mainly  ‘good’  or  ‘very  good’,  with  no  signiﬁcant  changes  between  preoperative  and
postoperative  examinations  or  over  time.  Total  scores  (insertion,  handling,  image  quality)  were
signiﬁcantly  better  in  the  lightest  children  (P  =  0.02).  Preoperative  TOE  did  not  provide  addi-
tional information  over  transthoracic  echocardiography.  Postoperative  TOE  was  useful  to  assess
surgical results,  but  no  residual  lesions  required  extracorporeal  circulation  return.  Micro-TOE
was useful  during  the  postoperative  care  of  neonatal  surgery  with  open  breastbone  to  assess
the surgical  result  and  ventricular  function.  It  was  also  useful  to  guide  extracorporeal  mem-
brane oxygenation  (ECMO)  indication  and  withdrawal;  and  was  a  useful  guide  for  percutaneous
procedures.
Conclusion.  —  Micro-multiplane  TOE  is  safe  and  efﬁcient  for  use  in  neonates  and  children.  This
minimally  invasive  tool  increases  the  impact  of  TOE  in  paediatric  cardiology.
© 2014  Published  by  Elsevier  Masson  SAS.
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Résumé
Contexte.  —  L’échographie  transœsophagienne  (ETO)  est  réalisable  chez  le  nourrisson  à  l’aide
de sondes  miniaturisées  dédiées.  Néanmoins,  l’usage  n’est  pas  répandu  du  fait  d’une  qualité
d’image moyenne.
Objectif.  —  Nous  avons  évalué  la  maniabilité  et  la  qualité  d’image  de  la  nouvelle  version  de  la
sonde transœsophagienne  micromultiplan  S8-3t  durant  la  pratique  courante  en  cardiopédiatrie.
Méthodes.  — Trente-huit  enfants  ont  été  inclus  consécutivement  entre  février  et  mai  2013  avec
réalisation d’une  ETO  avec  la  sonde  Philips  S8-3t.  La  maniabilité  et  la  qualité  d’image  ont  été
évaluées  indépendamment  par  deux  opérateurs.
Résultats.  —  Soixante-quinze  ETO  avec  la  sonde  micro  S8-3t  ont  été  réalisées  chez  les
38 enfants,  âgés  de  7  jours  à  12  ans  (3—27  kg).  Les  indications  étaient  requises  par  l’usage
courant  :  au  bloc  opératoire  avant  (n  =  30,  40,0  %)  ou  après  (n  =  31,  41,3  %)  une  chirurgie  car-
diaque, pour  guider  des  procédures  de  cathétérisme  interventionnelles  (n  =  4,  5,3  %)  et  en
réanimation  pédiatrique  (n  =  10,  13,3  %).  L’insertion  a  été  simple  chez  tous  les  patients  sauf
un (2,6  %).  La  maniabilité  et  la  stabilité  de  la  sonde  étaient  meilleures  chez  les  enfants  les  plus
légers (p  =  0,001).  La  qualité  d’image  était  bonne  et  globalement  meilleure  chez  les  enfants  de
faible poids.  Il  n’a  pas  été  constaté  de  détérioration  de  la  qualité  d’image  entre  avant  et  après
la chirurgie  cardiaque  ni  durant  l’étude.  L’ETO  préopératoire  n’a  pas  apporté  d’informations
complémentaires  par  rapport  à  l’échographie  transthoracique  préopératoire.  L’ETO  postopéra-
toire a  permis  d’apprécier  le  résultat  chirurgical  mais  aucune  lésion  n’a  nécessité  un  retour
en circulation  extracorporelle.  La  sonde  micro  S8-3t  s’est  révélée  très  utile  pour  la  gestion
postopératoire  de  chirurgie  cardiaque  néonatale  avec  thorax  ouvert  et  pour  guider  l’indication
et le  retrait  d’assistance  circulatoire  transitoire.  L’ETO  micro  s’est  révélée  utile  pour  le  guidage
de cathétérisme  interventionnel  pédiatrique.
Conclusion.  —  L’ETO  avec  la  sonde  micro  S8-3t  est  un  examen  utile,  sûr  et  efﬁcace  au  bloc
opératoire  de  chirurgie  cardiaque  pédiatrique,  en  salle  de  cathétérisme  et  en  réanimation  pédi-
atrique. Cette  sonde  micro  peu  invasive  augmente  l’intérêt  de  l’ETO  en  cardiologie  pédiatrique,
particulièrement  chez  le  nouveau-né  et  le  nourrisson.
© 2014  Publié  par  Elsevier  Masson  SAS.
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mackground
ransoesophageal  echocardiography  (TOE)  is  a  useful  tool  for
he  surgical  or  interventional  treatment  of  congenital  heart
isease  (CHD)  in  children  and  neonates  [1—7]. It  is  also  useful
or  the  assessment  of  cardiac  function  and  haemodynamic
tatus  in  the  intensive  care  unit  (ICU)  [8,9].  The  ﬁrst  reports
ssessing  TOE  were  published  in  the  1990s,  but  these  were
n  older  children  and  adults.  Many  surgeries  for  CHD  are
i
p
s
performed  in  neonates,  raising  difﬁculties  of  insertion  and
isk  of  complications  (e.g.  oropharyngeal  and  oesophageal
raumas,  arrhythmias  and  circulatory  disturbance  [1,7])  with
ini-multiplane  probes.
In  2007,  a  micro-multiplane  probe  was  released  for  usen  neonates.  Handling  was  good,  but  image  quality  was  low,
ossibly  due  to  an  overheating  issue  [10].  In  the  current
tudy,  we  tested  a  new  release  of  the  micro-multiplane
robe  and  report  our  initial  experience  of  clinical  use.  The
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bNew  micro-multiplane  TOE  probe  in  paediatric  cardiology  
primary  objective  was  to  assess  the  imaging  quality  of  this
new  probe  in  current  practice  in  children  undergoing  cardiac
surgery,  catheterizations  and  in  the  ICU.  Secondary  objec-
tives  were  to  assess  safety  and  handling.
Methods
Patients
Between  February  and  May  2013,  consecutive  children  were
enrolled  prospectively  from  the  paediatric  cardiology  unit
of  the  children’s  hospital  of  Toulouse.  Children  for  whom  a
TOE  was  indicated  for  a  medical  purpose  (cardiac  surgery,
an  interventional  procedure  or  in  the  ICU)  during  the  study
period  were  enrolled.  Exclusion  criteria  were:  lack  of  con-
sent,  accurate  transthoracic  echocardiographic  images  in
the  ICU  obviating  the  need  for  a  TOE  examination  and  con-
traindications  for  TOE  as  stated  in  the  recommendations
from  the  Pediatric  Council  of  the  American  Society  of  Echo-
cardiography  [1].
Informed  verbal  consent  was  obtained  from  each  patient
(when  possible)  and  their  legal  representatives  after  full
explanation  of  the  procedure  had  been  given.  Written  con-
sent  was  not  required  according  to  French  laws  because
the  echography  evaluation  was  part  of  the  regular  mana-
gement  of  these  children  and  was  required  for  their
medical  condition.  No  additional  examinations  were  per-
formed  solely  for  the  purpose  of  the  study.  The  study
protocol  was  approved  by  the  national  commission  for
data  processing  and  freedoms  (No 1673449v0:  declared  on
31st  May  2013).
Micro-TOE S8-3t probe
The  new  release  of  the  S8-3t  probe  (Philips  Healthcare  Medi-
cal  Systems,  Andover,  MA,  USA)  was  used  in  all  cases.  It  has
been  available  for  clinical  use  since  2012.  It  has  a  tip  length
of  18.5  mm,  a  tip  width  of  7.5  mm,  a  tip  height  of  5.5  mm
and  a  shaft  diameter  of  5.2  mm.  The  transducer  array  is
mounted  on  a  pulley,  providing  various  angle  views  ranging
from  0◦ to  180  from  a  median  longitudinal  cross-sectional
view.  The  probe  can  anteﬂex  up  to  110◦ and  retroﬂex  up
to  45◦.  The  ﬁrst  enhancement  is  an  improved  mechanism
for  sensor  rotation.  New  7  ×  7  steering  cables  are  stronger,
more  ﬂexible  and  less  susceptible  to  failure  with  use.  The
second  improvement  is  a  new  articulation  knob  that  is  eas-
ier  to  control.  The  probe  allows  two-dimensionnal  colour
imaging  with  pulsed  and  continuous  Doppler  in  children
weighing  <  4.5  kg.  The  micro-multiplane  TOE  probe  S8-3t
was  used  with  the  iE33  ultrasound  machine  (Philips  Medical
Systems).
Micro-TOE probe insertion
The  micro-TOE  probe  was  systematically  inserted  after
patient  sedation  and  intubation,  before  surgery  or  catheter-
ization.  In  the  ICU,  the  micro-TOE  was  used  in  patients
under  mechanical  ventilation  when  transthoracic  echocardi-
ography  was  not  feasible  (open  breastbone).  The  previously
lubricated  probe  was  inserted  blindly  and  delicately  with
a  jaw  thrust  of  the  mandible  or,  if  not  feasible,  under
c
A
t
U363
irect  visualization  by  laryngoscopy.  After  the  initial  exam-
nation  during  CHD  surgeries,  the  probe  was  advanced  into
he  stomach  and  left  in  an  unlocked  position  during  the
rocedure.  The  ultrasound  machine  was  turned  off  during
urgery.  During  the  weaning  from  extracorporeal  circulation,
he  post-repair  TOE  examination  was  performed.
OE image acquisition and scoring system
or  congenital  heart  disease  surgery,  two  TOE  examinations
ere  performed:  one  before  surgery  to  conﬁrm  or  modify
he  other  preoperative  examinations  and  one  after  surgery.
elevant  modiﬁcations  of  the  preoperative  diagnosis  from
he  TOE  ﬁndings  were  to  have  been  displayed  and  discussed
ith  the  surgical  team.
Examinations  were  performed  by  one  of  two  ﬁrst  oper-
tors  (S.  H.  or  M.  P.).  For  each  patient,  the  following
ecommended  views  were  performed:  mid  oesophageal  four
hamber  (0—20◦),  right  ventricular  outﬂow  tract  (60—90◦),
eft  outﬂow  tract  and  aortic  valve  (short  axis  30—60◦,  long
xis  100—150◦),  mitral  commissural  (60—70◦)  and  trans-
astric  views  [1].  Off-line  analysis  was  performed  by  a
econd  operator  (K.H.)  to  assess  inter-rater  agreement  of
he  imaging  quality  scoring.
Ease  of  use  (insertion  and  handling)  was  scored  by  the
rst  operator.  Imaging  quality  (two-dimensionnal  echocar-
iography,  colour  Doppler,  pulsed  Doppler  and  continuous
oppler)  was  scored  by  the  ﬁrst  and  second  operators.  The
coring  system  is  described  in  Table  1.  The  total  score  was
alculated  for  each  child  by  the  sum  of  the  scores  of  the  six
riteria.
ide effect evaluation
articular  attention  was  paid  to  haemodynamic  parameters
uring  probe  insertion  and  TOE  examination.  After  the  TOE,
he  probe  and  oropharynx  were  inspected  for  any  sign  of
lood  or  trauma.  No  speciﬁc  medications,  e.g.  proton  pump
nhibitors,  were  routinely  given.
tatistical analysis
ge  and  weight  are  expressed  as  median  (range);  qualita-
ive  data  are  expressed  as  number  and  percentage.  For  CHD
urgeries,  imaging  quality  between  the  preoperative  and  the
ostoperative  examinations  was  compared.  As  we  did  not
nd  any  difference  in  scoring  between  repeated  TOEs  within
he  same  child,  we  also  performed  a  per-patient  analysis.
e  investigated  the  impact  of  the  weight  (as  a  continuous
ariable)  on  the  ratings  for  each  of  the  six  criteria  using  the
on-parametric  Kruskall-Wallis  test.  Patients  were  stratiﬁed
n  four  groups  according  to  quartiles  of  weight.  Compar-
sons  of  ratings  of  the  six  criteria  (Table  1)  between  the  four
eight  groups  were  performed  using  a  non-parametric  exact
ischer  test.  The  total  score  was  compared  between  the  four
roups  using  the  Kruskall-Wallis  test.  Inter-rater  agreement
etween  the  two  operators  was  assessed  using  the  kappa
oefﬁcient  for  quality  of  imaging  (criteria  3—6  in  Table  1).
 P-value  <  0.05  was  considered  statistically  signiﬁcant.  Sta-
istical  analysis  was  performed  using  Stata8  (Statacorp,  TE,
SA).
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Table  1  Scoring  system.
Category  Criteria  Score
1  2  3  4
Ease  of  use 1.  Probe  insertion  Very  easy
(insertion  blindly
or  under
laryngoscopy
within  1  minute)
Easy (under
laryngoscopy  within
2  minutes)
Hard  (insertion
under
laryngoscopy
requiring  >
2  minutes)
Not  possible
2.  Handling  (torque,  probe
stability,  probe  ﬂexion)
Very good  Good  Bad  Very  bad
Image  quality 3.  Two-dimensional
echocardiography
Very good  (good
quality  for  all
cardiac
structures)
Good (satisfactory
quality  for  cardiac
structures  of
interest)
Bad (cardiac
structures  of
interest  difﬁcult
to  analyse)
Very  bad
(no  images)
4.  Colour  Doppler
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6.  Continuous  Doppler
esults
atients
 total  of  38  children  (median  [range]  age  9.3  years
7  days—12  years];  weight  12  [3.1—27]  kg)  underwent  75
OE  examinations  using  the  micro-TOE  probe.  TOE  indica-
ions,  along  with  numbers  of  TOEs  per  patient,  are  shown
n  Table  2.  Surgical  procedures,  mainly  atrial  or  ventricu-
ar  septal  defect  closures,  are  detailed  in  Table  2.  During
he  study,  no  diagnosis  changed  after  preoperative  TOE  com-
ared  with  preoperative  transthoracic  echocardiography.
In  the  percutaneous  procedures  group,  two  patients
nderwent  atrial  septal  defect  closure  (Fig.  1).  One  child
nderwent  a  balloon  valvuloplasty  of  a  severe  mitral
tenosis.  One  neonate  (3  months,  6.9  kg)  underwent  a  per-
utaneous  dilatation  of  severe  aortic  valve  stenosis.  TOE
Fig.  2)  was  performed  to  guide  the  procedure  and  decrease
he  risk  of  aortic  regurgitation.  The  balloon  diameter  was
ncreased  step-by-step  from  a  balloon  to  aortic  annulus  ratio
f  0.6.  The  gradient  across  the  aortic  valve  was  assessed
fter  each  balloon  inﬂation.  The  procedure  was  stopped  and
uccessful  with  a  maximal  gradient  <  25  mmHg  without  aortic
egurgitation  (Fig.  2D).
In  the  ICU  group,  TOEs  were  indicated  for  endocardi-
is  in  one  child  and  in  the  aetiological  investigation  of
troke  in  two  children.  Three  other  children  in  the  surgery
roup  required  TOE  examinations  postoperatively  in  the  ICU
ecause  of  poor  quality  transthoracic  echocardiography  ima-
ing.  Two  were  followed  with  repeated  TOEs  to  assess  car-
iac  function,  cardiac  haemodynamic  parameters  and  aortic
alve  function  under  extracorporeal  membrane  oxygenation
ECMO)  support  (Fig.  3).  One  neonate  in  postoperative  care
or  a  total  anomalous  pulmonary  venous  return  with  an
pen  breastbone  required  a  TOE  for  a  non-contributive
ransthoracic  echocardiography  to  accurately  evaluate
ardiac  function  and  pulmonary  venous  return  (Fig.  4).ase of use
etailed  score  results  on  insertion  and  handling  by  weight
uartile  are  presented  in  Table  3.  Insertion  was  rated  as
b
f
a
avery  easy’  in  all  children  apart  from  one,  in  whom  inser-
ion  was  ‘hard’.  This  6-year  old  patient  (14  kg)  was  in  the
CU  under  ECMO  support  for  low  cardiac  output  syndrome
fter  a  mitral  valve  repair  of  a  partial  atrio-ventricular
eptal  defect  with  severe  mitral  regurgitation.  There  was
o  signiﬁcant  difference  between  weight  quartiles  for  the
nsertion  score  (P  =  1.0).  Handling  was  signiﬁcantly  better
n  children  in  the  lowest  versus  the  other  three  weight
uartiles  (P  =  0.001).  Repeated  TOE  examinations  in  patients
nder  ECMO  support  were  performed  without  any  difﬁculty
f  insertion  or  handling.
mage quality
mages  were  generally  of  ‘good’  or  ‘very  good’  qual-
ty  according  to  both  operators  (Table  3).  Repeated  TOE
xams  before  and  after  surgery  were  rated  similarly;  and
o  difference  in  imaging  quality  between  the  beginning
nd  end  of  the  study  was  observed.  Inter-rater  agree-
ents  were  signiﬁcant  for  all  the  imaging  quality  criteria:
wo-dimensional  (weighted  kappa  coefﬁcient  0.27  ±  0.14;
 =  0.026),  colour  Doppler  (0.26  ±  0.13,  P  =  0.02),  pulsed
oppler  (0.64  ±  0.19;  P  =  0.0004)  and  continuous  Doppler
0.30  ±  0.13;  P  =  0.001).  Weight,  as  a  continuous  vari-
ble,  did  not  inﬂuence  image  quality  for  two-dimensional
P  =  0.27),  pulsed  Doppler  (P  =  0.54)  or  continuous  Doppler
P  =  0.09),  but  colour  Doppler  was  rated  better  with  lower
eight  (P  =  0.007).
When  transoesophageal  Doppler  was  used  by  the  car-
iac  paediatric  anaesthesiologist,  TOE  images  were  blurred,
equiring  transoesophageal  Doppler  transducer  withdrawal
o  continue  the  examination.  The  use  of  electrocautery  by
he  surgeon  blurred  the  colour  Doppler.
otal score
he  mean  ±  standard  deviation  (SD)  total  scores  were
est  in  children  in  the  lowest  weight  quartile:  7.4  ±  1.6
or  <  7  kg,  9.1  ±  2.4  for  7—11.9  kg,  10.3  ±  2.3  for  12—17  kg
nd  10.1  ±  1.9  for  >  17  kg  (P  =  0.02).  Medians,  interquartile
nd  ranges  are  shown  in  Fig.  5.
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Figure 1. Intraoperative two-dimensional TOE in a child with an atrial septal defect. Mid oesophageal view (45◦) with colour Doppler on
the inter-atrial septum; an ostium secundum atrial septal defect is observed with a left to right shunt (A). Low oesophageal view (0◦) of the
right ventricle, which is enlarged; colour Doppler does not show tricuspid valve regurgitation (B). Mid oesophageal view of the inter-atrial
 oeso
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mseptum during the balloon sizing of the atrial septal defect (C). Mid
Ao: aorta; RA: right atrium; RV: right ventricle; TOE: transoesophag
Low-weight children
Six  children  (15.7%)  weighed  <  5.5  kg  and  underwent  TOE
examinations  for  surgery  of  atrio-ventricular  septal  defects
(n  =  2),  ventricular  septal  defects  (n  =  2),  arterial  switch
(n  =  1)  and  total  anomalous  pulmonary  venous  return  (n  =  1).
Probe  insertion  was  ‘very  easy’  in  all  cases;  handling  was
‘very  good’  in  ﬁve  cases  and  ‘good’  in  the  remaining  case.
Stability  of  the  probe  was  better  than  in  larger  children
(P  =  0.001).  Imaging  quality  was  at  least  ‘good’  in  all  cases.
In  the  neonate  with  transposition  of  the  great  vessels,  ECMO
support  was  indicated  immediately  after  the  arterial  switch,
given  a  severe  left  heart  dysfunction  diagnosed  on  post-
operative  TOE  combined  with  haemodynamic  parameters.
The  neonate  in  postoperative  care  for  a  total  anomalous
pulmonary  venous  return  had  an  open  breastbone  with-
out  any  transthoracic  echocardiography  window.  Despite  an
unstable  haemodynamic  status,  probe  insertion  and  TOE
examination  were  well  tolerated  and  accurate  evaluation  of
cardiac  function  and  pulmonary  venous  return  was  achieved
(Fig.  4).
SafetyNo  complications  of  the  TOE  examinations  were  reported
during  the  study.  In  the  6-year  old  patient  under  ECMO
in  whom  probe  insertion  was  ‘hard’,  bradycardia  and
hypotension  occurred  during  probe  insertion.  However,
[
a
g
dphageal view of the atrial septal defect occluder after release (D).
chocardiography; Tric: tricuspid valve.
aemodynamic  stability  recovered  after  a  few  minutes  and
he  examination  could  be  fully  performed.
The  smallest  patient  (3.1  kg)  was  examined  for  the  post-
perative  course  of  total  anomalous  pulmonary  venous
eturn  repair  with  open  breastbone  and  haemodynamic
nstability.  A  second  neonate  (3.5  kg)  with  transposition  of
he  great  vessels  had  a  severe  left  ventricular  dysfunction
ollowing  arterial  switch,  with  open  breastbone  and  ECMO.
nsertion  of  the  micro-TOE  probe  was  performed  blindly  with
 ﬁnger.  Despite  a  precarious  haemodynamic  status,  neither
espiratory  failure  nor  hemodynamic  impact  was  observed
n  these  cases.
iscussion
n  this  study,  we  have  demonstrated  that  the  new  release
f  the  micro-multiplane  TOE  probe  S8-3t  is  easy  to  use,
afe  and  provides  good  quality  images,  particularly  in  low-
eight  children.  The  good  quality  imaging  allowed  accurate
ostoperative  assessment  of  CHD  surgery,  guidance  of  per-
utaneous  CHD  intervention  and  investigation  of  cardiac
unction  and  haemodynamic  parameters  in  the  ICU.
The  ﬁrst  report  of  the  original  children’s  micro-
ultiplane  TOE  probe  was  published  in  1999  by  Shiota  et  al.9]. Various  reports  have  demonstrated  its  initial  safety
nd  usefulness  [8,11—14]. However,  this  former  release  was
radually  phased  out  in  our  centre  and  others  because  of
egradation  of  imaging  quality  during  examinations  due  to
366  S. Hascoët  et  al.
Figure 2. Intraoperative two-dimensional TOE in a neonate with severe bicuspid aortic valve stenosis. Mid oesophageal view (120◦) of the
left outﬂow tract; the aortic valve is thick (A). Mid oesophageal view (120◦) of the left outﬂow tract with colour Doppler; an acceleration of
blood ﬂow on the aortic valve is observed (B). Mid oesophageal view (45◦) of the aortic valve; the aortic valve is bicuspid (C). Mid oesophageal
view (45◦) of the aortic valve after the balloon valvuloplasty; the fusion of the commissure between the posterior and left-anterior cusp was
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ipened with a small commissural aortic insufﬁciency (D). Ao: aorta;
OE: transoesophageal echocardiography.
n  overheating  phenomenon  [10].  Given  the  lack  of  another
edicated  probe  for  neonates,  the  AcuNavTM intracardiac
chocardiographic  intravascular  ultrasound  transducer  sin-
le  longitudinal  plane  (Siemens  Medical  Solutions,  Mountain
iew,  CA,  USA)  was  used  off-label  as  a  TOE  probe  by
ome  teams  [15].  The  new  micro-multiplane  TOE  probe  was
esigned  to  overcome  these  former  issues.  However,  few
eports  are  available  that  have  assessed  the  safety  and  efﬁ-
iency  of  the  new  release  of  the  micro-multiplane  TOE  probe
8-3t  [10,15].
Our  study  supports  the  use  of  this  new  probe  in  daily
ractice,  particularly  in  neonates.  Handling  was  signiﬁcantly
asier  in  the  smallest  patients.  Pushparajah  et  al.  described
 necessary  ﬂexion  of  the  probe  in  order  to  maintain  good
mage  quality  in  older  children  [10].  The  larger  oesophagus
n  older  children  may  offer  less  stability  to  the  thin  micro-
OE  probe  than  to  larger  TOE  probes.  However,  they  found
hat  handling  was  good  in  neonates,  for  whom  the  micro-
OE  probe  was  developed  [10].  In  our  study,  imaging  was  of
ood  quality,  and  two-dimensional  images  had  a  good  spatial
nd  temporal  resolution.  The  total  score  was  better  among
ow-weight  children  (<  7  kg).  Standard  TOE  probes  have  been
ound  to  provide  better  imaging  in  larger  patients,  with
asier  handling  [10,14].  The  image  quality  in  the  far  ﬁeld
s  lower  quality  in  larger  patients  because  the  centre  fre-
uency  of  the  micro-multiplane  TOE  probe  is  7.5  MHz,  which
ives  an  optimal  image  to  a  depth  of  6—7  cm  [14].
Our  study  provides  further  evidence  of  the  impact  of
OE  for  children  undergoing  cardiac  surgery.  Intraoperative
‘
l
t
Wleft atrium; LV: left ventricle; RA: right atrium; RV: right ventricle;
se  was  the  most  common  indication  for  TOE  in  our  pae-
iatric  cohort.  TOE  is  recommended  after  cardiac  surgery
o  assess  the  result  before  disconnection  of  the  cannula
nd  sternal  closure  [1].  In  our  small  sample  of  patients,
o  residual  lesions  were  observed  that  required  comple-
entary  intervention.  However,  in  a  3.5-kg  neonate  with
ransposition  of  the  great  vessels,  micro-TOE  after  the  arte-
ial  switch  diagnosed  severe  left  ventricular  dysfunction  and
CMO  was  required.  Thus,  TOE  was  useful  to  assess  cardiac
e-airing,  ventricular  function  after  the  bypass  period  and
aemodynamic  status,  thereby  guiding  ﬂuid  management,
notropic  therapy  and  ECMO  indication  [7].  Postoperative
OE  is  advocated  because  patients  who  leave  the  operat-
ng  room  with  a  residual  defect  have  a  higher  incidence
f  reoperation  and  death  in  the  immediate  postoperative
eriod  compared  with  those  whose  problems  are  addressed
16]. Bettex  et  al.  have  reported  that  865  postoperative  TOE
xaminations  had  a surgical  impact  in  12.7%  of  patients;
nd  indicated  a  second  bypass  run  in  7.3%  of  children  [17].
hen  surgical  revision  was  performed,  TOE  ﬁndings  were
onﬁrmed  in  all  cases,  demonstrating  the  efﬁciency  of  TOE
17].
The  sensitivity  of  TOE  to  detect  residual  ventricular
eptal  defect  is  good  [18,19].  In  tetralogy  of  Fallot  repair,
ntraoperative  echocardiography  helps  in  differentiating
ﬁxed’  from  ‘dynamic’  obstruction  and  helps  obviate  need-
ess  revisions  [20].  Furthermore,  Bettex  et  al.  demonstrated
hat  the  impact  of  TOE  was  higher  in  neonatal  surgery  [17].
e  also  observed  that  micro-TOE  is  particularly  useful
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Figure 3. TOE in a neonate with D transposition of the great vessels in postoperative care of the arterial switch, with an open breastbone
and ECMO. Mid oesophageal four-chamber view in diastole (A). Mid oesophageal four-chamber view in systole (B). Mid oesophageal two-
dimensional view (120◦) of the left outﬂow tract; anastomosis of the great vessels is observed with a mild discongruence (C). Mid oesophageal
two-dimensional view (120◦) of the left outﬂow tract with colour Doppler; a mild acceleration of blood ﬂow on the pulmonary outﬂow tract
is observed (D). Ao: aorta; ECMO: extracorporeal membrane oxygenation; LA: left atrium; LV: left ventricle; RA: right atrium; RV: right
ventricle; PA: pulmonary artery; TOE: transoesophageal echocardiography.
Figure 4. TOE in a neonate in postoperative care for a total anomalous pulmonary venous return with an open breastbone and high
frequency ventilation. Pulmonary venous return conﬂuence anastomosis to the posterior wall of the left atrium (A). Colour Doppler without
aliasing on pulmonary venous return conﬂuence anastomosis to the posterior wall of the left atrium (B). Pulsed Doppler on pulmonary venous
return conﬂuence anastomosis (C). Continuous Doppler on the pulmonary outﬂow tract (D). LA: left atrium; LV: left ventricle; PV: pulmonary
vein; TOE: transoesophageal echocardiography.
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Table  2  Indications  for  the  transoesophageal  echocar-
diography  (TOE)  examinations.
TOE  examinations
(n  =  75)
TOE  indications
Before  cardiac  surgery  to
conﬁrm  lesions
30 (40.0)
After  cardiac  surgery  to  assess
the  result
31 (41.3)
To  guide  percutaneous
procedures
4 (5.3)
To  assess  cardiac  function  in
the  ICU
10 (13.3)
Surgeries
Atrial  septal  defect  closure  9  (12.0)
Ventricular  septal  defect
closure
8  (10.7)
Tetralogy  of  Fallot  repair 4  (5.3)
Right  ventricular  outﬂow  tract
reconstructionsa
2  (2.7)
Atrio-ventricular  septal  defect
repair
2 (2.7)
Total  cavo-pulmonary
derivation
2  (2.7)
Otherb 4  (5.3)
Percutaneous  procedures
Atrial  septal  defect  closure  2  (2.7)
Balloon  valvuloplasty  of  a
severe  mitral  stenosis
1  (1.3)
Percutaneous  dilatation  of
severe  aortic  valve  stenosis
1 (1.3)
ICU
Endocarditis  1  (1.3)
Aetiological  investigation  of
stroke
2  (2.7)
Post-cardiac  surgery  due  to
poor  quality  transthoracic
echocardiography
7  (9.3)
Number  of  examinations  per  patient
1  7  (18.4)
2  27  (71.1)
3  3  (7.9)
5  1  (2.6)
a In children with common troncus arteriosus and pulmonary
atresia with ventricular septal defect.
b One each of: modiﬁed Konno operation, aortic valve commis-
surotomy, arterial switch and total anomalous pulmonary venous
return repair.
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Figure 5. Total score by weight quartile (Kruskall-Wallis test).
Lines show medians; boxes show interquartile; whiskers show range.
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auring  the  postoperative  care  of  neonatal  patients,  partic-
larly  when  there  is  an  open  breastbone  or  ECMO  support.
urthermore,  ECMO  withdrawal  indication  is  reinforced  by
OE  ﬁndings.Performing  TOE  systematically  before  surgery  is  more
ontroversial.  In  our  cohort,  TOE  before  surgery  did  not
rovide  additional  data  over  transthoracic  echocardiograph.
7
i
sransthoracic  examination  is  usually  sufﬁcient  in  children  to
rovide  a  detailed  preoperative  assessment  of  the  lesions.
ajor  undiagnosed  ﬁndings  have  been  estimated  to  be  found
n  <  0.5%  of  patients  [21].
Some  studies  have  assessed  the  efﬁciency  of  micro-TOE
uring  perioperative  care  for  patients  undergoing  cardiac
urgery  using  different  miniaturized  probes  [10,13,15,22].
e  provide  further  evidence  of  the  impact  of  TOE  for
hildren  undergoing  cardiac  catheterization.  A  neonate
ith  severe  aortic  stenosis  underwent  successful  per-
utaneous  dilation  under  TOE  guidance.  TOE  allowed  a
tep-by-step  dilation  procedure  with  closed  assessment
f  aortic  valve  gradient  and  continence.  The  procedure
as  successful  and  TOE  guidance  avoided  unnecessary
versized  dilation  and  subsequent  risk  of  aortic  insufﬁ-
iency  [23].  Echo-guidance  also  allows  lower  ﬂuoroscopy
ime  and  lower  contrast  load  [23].  Furthermore,  this  case
llustrates  how  the  cardiovascular  imaging  specialists  and
nterventionalists  can  work  together  effectively  to  plan  and
xecute  catheter  interventions  for  congenital  heart  disease
2].
Currently,  the  micro-TOE  probe  does  not  incorporate
hree-dimensional  technology.  However,  three-dimensional
chocardiography  seems  to  be  better  for  measuring  aor-
ic  valve  annulus  before  balloon  valvuloplasty  [24,25].  We
sed  the  micro-TOE  probe  in  two  children  weighing  <  20  kg,
or  whom  the  use  of  the  three-dimensional  TOE  probe  is
ot  recommended,  to  guide  percutaneous  closure  of  atrial
eptal  defects.  Interventions  were  successful,  but  three-
imensional  echocardiography  is  useful  in  these  cases  to
ssess  the  shape  of  the  atrial  septal  defect  [26].
Our  study  has  some  limitations.  First,  it  only  involved
8  children.  However,  children  of  different  weights  with
ide  indications  for  TOE  were  included,  allowing  assess-
ent  of  the  new  release  of  the  micro-TOE  probe  in  various
ettings.  Second,  it  only  lasted  3  months,  thus  the  reli-
bility  over  time  remains  to  be  demonstrated.  However,
5  examinations  were  performed  without  any  change  in
mage  quality.  This  assertion  remains  true  at  the  time  of
ubmission  of  this  paper.
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Table  3  Insertion,  handling  and  image  quality  results.
Score  Insertion  Handling  2-dimensional  Colour  Pulsed  Continuous
<  7  kg  (n  =  9  [23.7%])
1  9  (100)  5  (55.6)  5  (55.6)  9  (100)  7  (77.7)  8  (88.9)
2  —  4  (44.4)  4  (44.4)  —  —  1  (11.1)
3  —  —  —  —  2  (22.2)  —
4  —  —  —  —  —  —
7—11.9  kg  (n  =  10  [26.3%])
1  10  (100) 1  (10.0) 5  (50.0) 7  (70.0)  4  (40.0)  5  (50.0)
2  —  7  (70.0) 4  (40.0) 3  (30.0) 6  (60.0)  5  (50.0)
3  —  2  (20.0) 1  (10.0) —  —  —
4  —  —  —  —  —  —
12—17  kg  (n  =  10  [26.3%])
1  9  (90.0)  —  3  (30.0)  6  (60.0)  5  (50.0)  6  (60.0)
2  —  3  (30.0)  6  (60.0)  4  (40.0)  3  (30.0)  4  (40.0)
3  1  (10.0) 6  (60.0)  1  (10.0)  —  2  (20.0)  —
4  —  1  (10.0) —  —  —  —
>  17  kg  (n  =  9  [23.7%])
1 9  (100)  —  3  (33.3)  4  (44.4)  5  (55.6)  4  (44.4)
2  —  4  (44.4)  5  (55.6)  5  (55.6)  3  (33.3)  5  (55.6)
3  —  4  (44.4)  1  (11.1)  —  1  (11.1)  —
4  —  1  (11.1)  —  —  —  —
Pa 1.0  0.006  0.91  0.07  0.12  0.23
a Exact Fischer test was used to assess the relationship between each echographic parameter and the weight quartiles.
[Conclusions
This  study  suggests  that  the  micro-multiplane  TOE  is  safe  and
efﬁcient  for  use  in  neonates  and  children.  This  minimally
invasive  tool  may  increase  the  impact  of  TOE  in  paediatric
cardiology.
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